A simple method for producing audio tapes with temporally synchronized messages is described. The duration and spacing of words can be precisely controlled. This method requires a minimum of elaborate equipment, yet synchronization is very accurate with highly intelligible speech.
The construction of tapes for dichotic listening has been a persisting problem. The main objective has been to produce audio tapes with dual messages (two tracks) as nearly synchronized as possible. Messages that are not synchronized may be alternately attended to and thus may not provide an adequate test of the selectivity of attention (Broadbent, 1954) .
Solutions to this problem have either been very expensive and complex or have involved simple procedures that sacrifice accuracy. Treisman and Riley (1969) used a computer program to compress or expand recorded digits to 250-msec duration and to synchronize digits. Ling (1971) and others have attempted to synchronize digits by first taping one series and then using the volume-level meter on the recorder to cue the speaker of the second series. Studdert-Kennedy and Shankweiler (1970) modified a two-channel tape deck to permit the length of leader tape passing between two playback heads to be varied until the onsets of two signals recorded on a tape loop coincided. Onset was determined by monitoring the signals on a three-channel event recorder. Nevertheless, signal duration was not precisely controlled.
Complicated techniques involving computer programs have been only moderately satisfactory. Treisman and Riley (1969) apparently distorted the sound quality of the tapes so that phonemica1 information was lost. Other laboratories have overcome this problem (Yates, 1972) . Another problem is that a limited pool of material (about one item/sec) can be used at anyone time because of storage limitations and the relatively slow rate of output. Considerable computer central-processing power is needed and not all researchers have access to such facilities.
Simpler procedures have often led to frustration and sizeable amounts of error. These techniques have ranged from the cut-and-splice procedures to recording stimuli on tape in time with a metronome. In our own attempts to use such techniques, errors are rarely less than 50 msec. Rubino (1972) and Yates (1972) provide ingenious ways of constructing dichotic tapes. But neither has produced a long series of dichotic pairs of equal duration both within and between pairs, while at the same time precisely equating the interword interval.
The method described here achieves this degree of uniformity and minimizes experimenter judgment in locating taped signals.
METHOD
There are basic problems in producing dichotic tapes: equalizing the duration of the two signals and spacing successive pairs of signals. A review of the techniques suggest (e.g., Rubino, 1972 ) that when synchronization of signal onset has been achieved, signal duration and spacing are not equal. Even when duration is matched within a pair, other pairs differ. The Treisman and Riley (1969) technique is an exception. Rubino's (1972) method requires measuring the beginning and end of a recorded word by marking the tape with a grease pencil. The technique described here enables the user to measure the exact length of recorded tape required.
Construction
A 36-in. tape loop is constructed using clear leader and a small portion of magnetic tape (1.875 in. long) spliced into the loop. The purpose of the clear leader is to insure that recorded signals do not exceed a specified maximum length. The color contrast of magnetic and clear tape facilitates identification of the beginning and end of the magnetic strip. In this case, the selected speed is 7V2 in./sec. Thus, in order to produce four signals in 1 sec, no signal (i.e., portion of magnetic tape) can exceed 1.875 in. in length.
One end of the tape loop is fitted to a Sony T366 tape recorder secured to a wooden base. The other end of the loop is fitted around a revolving tape reel mounted on a capstan attached to a block of wood. The separation of recorder and capstan unit can be varied continuously to suit the length of the tape loop.
The tape loop is allowed to revolve with the tape recorder in the record mode. The experimenter then attempts to record a digit (or some other stimulus) as the magnetic portion approaches the record head. A simple way to do this is to repeat continuously the digit as it approaches and crosses the head. The experimenter must attempt to adjust timing and duration of his message so that the entire piece of tape is used. Two criteria are employed to determine if the digit is suitable: The digit is played back to insure that it was completely intelligible and the magnetic section is slowly passed (manually) by the playback head. The volume-level meter has to show pronounced movement over the length of the tape (i.e., deflect up to boundary of black and red zone).
Several attempts may be required to produce a suitable MilliSECONDS Figure 1 . A histogram of synchronization errors measured in milliseconds. digit; in some cases up to 15 min/digit is required. After a day of practice, digits can generally be recorded in a single try, although some digits are more difficult than others. We use nine monosyllabic digits, 1-10 excluding 7. Certain digits, such as 5, typically take longer than '!.I sec to speak. As a result, initial attempts may produce clipping of the initial morpheme or perhaps the fmal stop. If this occurs, the recording must be re-done, but the problem is rare. By eliminating clipped stimuli, the recorded digits are as intelligible as any normal recording can be. Since paired items are recorded on separate tracks, pair intelligibility is more affected by the choice of verbal material than by the recording techniques.
Although this method involves trial and error, it insures that the recorded material will be no long than '!.I sec in duration and that the entire magnetic portion will carry a signal. After a set of digits is recorded on precisely measured pieces of magnetic tape, digits are spliced into a continuous series separated with a clear leader tape that can also be precisely measured. Table 1 gives the mean, median, and mode for the highly skewed distribution in Figure 1 . In 20% of the sample, there was perfect synchrony; in 50% errors were less than or equal to 1 msec; in 80% errors were less than 25 msec; in 95% errors were less than 50 msec.
The degree of accuracy obtained with this technique depends on the user's criterion and intended application. Pairs that demonstrate asynchrony greater than the user's criterion should be eliminated. Practice and experience with the technique results in further error reductions. 
RESULTS
fed into the third recorder. The three recorders are allowed to operate continuously. By engaging the instant stop on one recorder, the beginning of the two tape loops can be made to coincide. The point of coincidence is monitored by inspecting the level-meter needles of the two-channel recorder. At this point, the experimenter can adjust the record volume of the recording machine to match intensity of the two messages. The original tape loops are reasonably well balanced for intensity by using the automatic record level; also, it is possible to control voice level after some practice (Yates, Smith, Burke, & Keane, 1969) . Normally this technique of synchronization is inadequate, but since signal duration and spacing are identical for the two tape loops, synchrony can be easily achieved. Of course, evidence is collected to test the amount of error. The new dualmessage recording is subsequently played into two channels of a polygraph or an event recorder set to record at 20 cm/sec. A completed sequence contains nine digits and nine intervals. The sequence is measured and then copied onto a single length of tape. An oscilloscope is used to mark the beginning and end of the sequence, although the volume-level meter can be used as well. If the length corresponds to the original, it is spliced out. Several such series of digits are prepared. The next step is to effect synchronization of the two series. Three tape recorders are used, one of which must have two record heads. A short section of clear leader is taped to the end of each copied sequence; these are joined to make two tape loops each with a recorded series of digits.
Tape loops are played on two recorders and their outputs
